
GMCS Temporary Treatment and Conveyance System
Site R - Sauget Area 2

Sauget, Illinois

INTRODUCTIONi
Prior to the installation of the final Groundwater Migration Control System (GMCS) at Site R of
Sauget Area 2, Solutia Inc. (Solutia) plans to perform a demonstration study (pilot test) of treatment
of extracted groundwater. The pilot test will operate a single well at a maximum flow rate of 300
gallons per minute (gpm). The test will require approximately 2,800 feet of pipe as conveyance
between the wellhead, temporary treatment system, and sewer discharge point. Groundwater will be
treated and filtered through a mobile granular activated carbon system specified and supplied by
Advent Group Inc. (Advent). The temporary treatment system for the pilot test will be installed
approximately 900 feet downstream of the wellhead (EW-2). The temporary conveyance system is to
remain operational until the permanent conveyance system is in operation, approximately nine to
twelve months after completion of the pilot test. This document summarizes the layout and design of
the temporary treatment and conveyance system.
TREATMENT SYSTEM
The activated carbon treatment system is designed to treat groundwater by removing total organic
carbon (TOC), which is composed of a variety of aliphatic and aromatic compounds.
Characterization data from 1992 indicates that the average TOC concentration in the groundwater is
approximately 300 milligrams per liter (mg/L). The treatment system has a maximum pressure rating
of 50 to 65 pounds per square inch (psi) for the temporary unit. Attachment A provides a schematic
of the treatment unit and details of the treatment process to be used during the pilot test.
CONVEYANCE SYSTEM MATERIALS AND METHODS
A submersible pump (Grundfos Model 300S200-5 rated at 20 horsepower) will be used to remove
groundwater from extraction well EW-2 and pump it to the temporary treatment unit at Site R.
Four-inch diameter welded high density polyethylene (HOPE) pipe will be used to convey extracted
groundwater from the well to the discharge manhole. CPchem DriscoPlex 4000 (or equivalent) SDR
21 HDPE pipe will be used for all sections of the piping. Fabricated fittings will be used to make
small radius bends and all joints will be heat-fused per the pipe manufacturer's specifications.
DriscoPlex 4000 pipe can be used in above-grade installation, below-grade (directional boring)
installation, or used as a slip-lining in existing pipes. DriscoPlex 4000 SDR 21 HDPE pipe has a
pressure rating of 80 psi.
Where suitable conditions exist, the HDPE pipe will be installed approximately one-foot below grade
using a plowing/planting method where a trench is excavated, the pipe laid, and the trench backfilled
using a trenching machine or plow. This method of installation will insulate the pipe from rapid
thermal changes, but will also allow easy dismantling when the temporary system is no longer
needed. Below-grade installations better insulate the pipe from rapid thermal changes that can be
experienced in above-grade installations.
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The 4-inch HOPE pipe will be installed directly on the ground surface where it cannot be installed
with the plowing/planting method. Small debris and obstacles will be removed from the path of the
surface piping to allow the pipe to be evenly bedded on the ground surface. For ease of installation
and dismantling, clean sand will be mounded on top of the pipe at 50 foot intervals to anchor the pipe
to the ground (see Detail on Figure 2). Additional sand will be used to anchor all surface bends,
where insufficient cover is available to anchor plowed/planted sections, and as determined during
installation in the field.
In order to reduce system pressures in the treatment unit (maximum allowable pressure: 50 psi), an
equalization tank and booster pump will be used, to pump water exiting the treatment unit to the
discharge manhole. To be effective in reducing the operational pressure required to convey water
from the extraction well to the filter, discharge from the filter is conveyed immediately to an
equalization tank, which reduces the system pressure to atmospheric pressure. The treated water will
then be pumped from the tank to the sewer discharge manhole through the use of a booster pump.
This set-up is commonly used in surface water conveyance systems. The specified booster pump is a
Goulds model 3656 pump with a 6.375 inch impeller operating at 14 horsepower. Details of the
equalization tank and booster pump are provided in Attachment B.
Subsurface installation will be required at the Pillsbury Avenue crossing so as not to interfere with the
roadway or traffic pattern. Directional boring methods will be used to install the HDPE pipe beneath
Pillsbury Avenue. The maximum depth of the underground bore and piping should not exceed ten
feet below grade.
A slip-lining technique will be used to install the 4-inch HDPE pipe inside an existing six-inch steel
pipe located just east of the levee.
CONVEYANCE SYSTEM COMPONENTS
The conveyance system sections labeled on Figure 1 are described in detail below:
Section A
This section consists of approximately 900 feet of 4-inch HDPE pipe, installed using the
planting/plowing method or above-grade, according to the methods outlined above. Section A
connects the extraction well to the treatment unit The temporary pipe will be directly flanged to the
extraction wellhead piping.
Section B
This section is comprised of the temporary treatment unit, equalization tank and booster pump. A
schematic of the temporary treatment unit is shown in Attachment A. Details of the booster pump
and associated equalization tank are described in Attachment B.
Section C
This section consists of a total of approximately 1 , 100 feet of 4-inch HDPE pipe, installed using the
planting/plowing method or above-grade, according to the methods outlined above. Three 90-degree
horizontal elbows will be used to make the necessary bends in Section C, as shown on Figure 2. The
first bend occurs at the intersection of the pipe and Riverview Avenue, where the pipe is diverted to
the east along Riverview Avenue. The second bend is located near the intersection of Riverview
Avenue with Pillsbury Avenue, where the pipe is diverted to the south. A 100-foot section of pipe
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will extend south of Riverview Avenue to the west side of the directional bore under Pillsbury
Avenue. The third bend directs the pipe to the east and into alignment with the underground bore
section.
Section D
Section D consists of an underground bore which extends the 4-inch HDPE pipe from ground surface
on the west side of Pillsbury Avenue, under the roadway and daylights on the east side of the road.
The bored section will be approximately 100 feet long with a maximum depth often feet below grade
at its center. The boring and pipe will daylight west of the levee and will not penetrate any part of the
levee.
Section E
This section consists of a total of approximately 125 feet of 4-inch HDPE pipe, installed above-grade
according to the methods outlined above, except where special requirements for the levee crossing are
needed. The pipe will extend up and over the concrete flood control wall and will be supported by a
temporary, free-standing steel bridge. The steel bridge will be anchored at its base and will not
require destructive connection to the flood wall (pending permit approval). Four 90-degree vertical
elbows will be used to make the necessary bends over the flood wall. On the levee access road, the 4-
inch HDPE pipe will be installed inside a 6-inch steel pipe to protect the HDPE pipe from vehicular
traffic. Crushed gravel will be placed on top of the steel casing to provide a shallow ramp (20H:1V)
for vehicles to cross the pipe. A profile view of this section is shown on Figure 2, Detail A. A front
view of the free-standing steel support bridge is shown on Figure 2, Detail B.
Section F
This section consists of approximately 300 feet of 4-inch HDPE slip-lined inside the existing 6-inch
steel pipe that extends under the railroad tracks. At a point approximately 300 feet east of the railroad
tracks, the steel pipe will be broken and a 90-degree vertical elbow will be installed on the four-inch
HDPE liner to bring the pipe back to ground surface. A second 90-degree vertical elbow will be used
to direct the pipe north toward the discharge manhole. The existing steel pipe is buried between five
and seven feet below grade. An excavation will be required to access the pipe on its east end. If the
pipe is buried deeper than four feet below grade, proper shoring of the access excavation will be
required per State and Federal Regulations. Detail C on Figure 2 shows this section in profile view.
Section G
This section consists of a total of approximately 260 feet of four-inch HDPE pipe, installed using the
planting/plowing method or above-grade, according to the methods outlined above. The surface
piping will discharge directly into an existing sewer manhole. A six-foot drop pipe and 90-degree
vertical elbow will be used to direct flow into the existing 12-inch sewer at the base of the manhole.
The existing 12-inch combined sewer transmits water from local businesses to the American Bottoms
Regional Wastewater Treatment plant located nearby. Detail D on Figure 2 shows the discharge.

HYDRAULIC DESIGN
The Grundfos Model 300S200-5 (20 HP) pump which will be used to pump the well is capable of
pumping 370 gpm at a total dynamic head of 133 feet. The expected pressure build-up in the
treatment filter unit is estimated at 13.2 psi. The Goulds model 3656 pump with a 6.375-inch
impeller operating at 14 horsepower will be used as a booster to pump water to the discharge
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manhole. Downstream of the booster pump, the maximum pressure in the system is estimated at 36.3
psi. Both of these values are below the pressure rating for the SDK 21 HOPE pipe (80 psi).
During operation, the pump flow rates should be increased slowly to the maximum rate of 300 gpm in
order to avoid water hammer damage to the filter system. Combination air vacuum/release valves
will be required to protect the system from water hammer and ensure maximum hydraulic efficiency
of the pipeline. These release valves will be located at the following locations within the conveyance
system:

• immediately upstceam of the treatment filter system;
• the 90-degree horizontal bend transitioning flow along Riverview Avenue;
• the start of the Pillsbury Avenue bore;
• the top of the levee wall; and
• ground level at the intersection with the discharge manhole.

Check valves, gate valves, and flow meters will also be required at specified locations immediately
upstream and downstream of the 550 gallon equalization tank as shown in Figure 4 of Attachment B.
The check valves prevent reverse flows through the filtration system and the booster pump, which
could damage these units. The gate valves and flow meters are used to balance inflows and outflows
to the equalization tank, thereby preventing excess wear to the well and booster pumps caused by
excessive on and off cycling.
It should be emphasized that some of the details for the configuration (e.g.; number of bends, distance
between specified locations, etc.) of the temporary system may need to be adjusted during
installation.
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SYSTEM1 BULLET/fv

MOBIL MOD L

The Gatgon Carbon Mobile Model 8 is an adsorption sys-
tem designed for the removal of dissoived organic contaminants
fuini liquids using granular activated eafuon. The moduiar oie-
sigr. concept allows selection cf options or sil&nots jnatcrtals to
best meet fhe renijirnmBntB rrf the customer's site and treat-
ment application.

"T%>*» KJ*kt«tl*N, ..^ nnvno.0
(abric-atsd system with adsorbers and cxDmpacl center piping
network, requiring only a single crane fift'tor sits instafladon. The
unit can be shipped prefilled with granular activated carboa The
pre-engtneered Mobile Model 8 design assures that all adsorp-
tion system functions can O& performed with tfte valves and
equipmern pfoeoSS design thai is shipped io ihe siie.

The process piping valve network for the Mobile- Model 8
offers operation ef the adserbers in parallef er series flow (with
either adsorber piacsd in ine isad stage). Tne piping and vaiveairangsHisnl can aiso isolate eiiher adsorbsr from the process
fiow. This psarsts csffaon szchsngs tx backwasfs spsrstiG.is is
be performed on one adsorber without interrupting treatment
through the remaining carbon bed.

The up.derd.rair! design prsvidss for the sSkssnt collection
and uniform distribution of fraated water and tha urrifarrn distri-
bution of backwash water. The Mobile Model 8 system is de-
signed for use wilh Calgon Carbon's closed loop carbon ex-
change service. Using specially designed trailers, spent carbon
is removed from ihe adsorbers in a closed ioop and returned toOstgsn CarisGf- ior ,-eac«VaSGr,. The traRsfer s acoompiished
without sjqxjsure of Qpsratirsg perscnne! to corjtaminatsd liquid.
The trailers also recharge the adsorbers with fresh activatedcarbon.

Ti
System ftoa?{at 8 gpns/ sq. ft.) 400 gprn (series) SCO gpm (paralte!)Carbon per adsorber (max. nonbackwashableJ 10.000lbs; (4540 kg)
Pressure rating: —————————————:——— 75 psig f517 kPaj
Pressure relief: ——————-———— Graphite rupture disk fn ps^)
Temperature rating
Backwash rate: • • 140°F maximum lSQf>C\600 gpm per adsorber (at 12 gpmfeq. ft.)
Backwash expansion per adsorber wi&i 10,000 tes. carbon —— 0%

auaufwr vvua ».uDG its. «uXiO ——— 25%
Raricwash fucnansinn nnr aHsnrhBr «nlh fi.Sfin UIK Mrbpn
Carbon transfer: ———————————— Air pressure slurry transferUtility air (f or ca*e?r transfers)frsuuwiu 55psis -torira^ar)
tftility »giBr (fnr carhOP
Freeze protection

-100 scfm «a 30 psig
—————100 cpm at 30 psig
— None provided; enclosure or

protection rBcorniTienddd.

Standard Features:

. i_)-— -i ,.;~,j~ titusiltai vinjfl

rv^rta^ p^i'v^fe'i I r^ lA

oU^ XAAC oc t^ oc — ,;i-^iix* -r%XVVi '-V 1V* V-* l'n»o

PoijrpTGpyJsnB nozzJes Tor water col.'aittan

• 20 " rduiid fl«n««y for iniefftaf aOCt»S.
Standard adsorption system piping:
• 6" scnsduie 40 carbon sieei. process piping with cast
iron finings accommodates ieao/iag fiow.

• Cast iron btnterny vaives for process piping.
• 3" carbon line with 4" hose adapter fitting.

System external coating:
» Epoxy mastio paint

Other Standard Features:
• System platform skid for ease o! field installation.
• Stainless steel pipe for carbon discharge.
• Futi bore stainless steel ball vaives for carbon fill and
discharge pfpeJines

• Two in-bed sample taps for each adsorber.
• Pressure gauges (3). Piping sample laps (3).
• Vessel pressure rating 75 Ibs.
• Seismic Zone 4 construction.
• B~ nozzle per adsorber, for dry fitting of carton material.
• independent backwash source

Available Features:
. n»£._.~i:..! .___ — . — — .u.fc..A- WIIIQIBIIUGU ^TVdiaUIG dTVllWt-ICaj

* Other firmTyfjpaimifig rnaicriais.
» Aiieniate rrianiKay sizes.
• Process pipe sizes and materials of construction wSri
redesign.

* Pressure reiiaf vaives.
* Alternate underdrain designs available with redesign.
* -Carbon traps.
* Vessel pressure rating -12§ ibs.
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DIMENSIONS AND FIELD CONNECTIONS

~T

Adsorber vessel diameter •
Process ripe:
Process Pipe connection:Utility water connection:
Utility air connection:
Carbon hose connection:
Backwash csnnscSssGAdsorber maintenance accessSystem shipping weight

8ft. (2440mm.)•-.. i.-— $ in.
- 3/4 in. hose connection
- 3/4 in. hose connection
- — — 4 in. Kamlock type«n. Sange20" round flanged manwav

21,600 IDS. (empty) (9818 kg)
——— 41,400 toa. (18,909 kg)

System opa-aling weight (wish 25,000 fes-cgrten) ————— 83,500 fes.{37,S55 leg)
Shipping weight (witti max 20,000 tbs. carbon)

may feach hazardous levels. If workers are to enter a vessel containing carbon, appropriate sampling and work procedures forpotentially low oxygen spaces should be followed, including aH applicable federal and state requirements.
Domestic Sale* Offices

Region IBridgewater, NJ
Tai {908)525-4648
Fair {90S} 526-2457

h. PA
Tel (412)787-6700

1-800-4-CARBON
fax <4t^ 767-6675
Region HI
Tel f708) 505-1919
Fax (708)505-1936
Region IVSurfingams, CA
Tsi (-4i5) 5^6-2040
Fax (415)344-2029

1-600-4-C ARSON

Houston. 7X
Tel f713) 690-2000
Fax {713) 690-7909
Region VICarlsbad, GA.
Ts! (6t95-131-5550
Fax (619)431-8169

Europe
Chwnwon Carbon
S-1200 Bryssgis, Bci
Tel 3227730211
Fax 32 2 770 93 94

mtBmBtional Sales Offices

CanadaCalgon Carbon Canada, Inc.Mtssissauga, Ontario
Tel (905)673-7137
Fax (305) 673-6863
Latin AtrMrica/AUSttata&fe/

Pittsburgh, FA
Ts! {412)757-4519
Fax {412)787-4523

Calgon Carbcsn Corp.
Tel (65)221-3500
Fax (65)221-3554

Calgsn Carbon Corporafian's activated carbon products are contmuously being improved and changes may have taken place sincethis publication went to press.
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OBJECTIVE:

Specify a booster pump to be installed downstream of the Advent filtration system for Solutia, Inc.
(Solutia). This pump is to be installed on a 4 inch diameter high density polyethylene (HDPE) pipeline
downstream of an equalization tank meant to reduce the line pressure through the filtration system
coming from the well. Check line pressures at various locations in the 4 inch diameter HDPE pipeline to
ensure that they don't exceed the maximum allowable pressure rating of the pipeline.

I

Check the currently specified well pump to ensure that it operates within the desired performance range
and that the line pressure it generates doesn't exceed the maximum allowable operating pressure of the
Advent filtration system.

Provide installation details of the equalization tank / booster pump system. In addition, specify locations
in the 4 inch HDPE pipeline where combination air vacuum/release valves are required to ensure proper
operation of the pipeline and protect the system from water hammer.

METHOD:
Drawdown of the existing groundwater table in extraction well EW2 was computed using the Darcy
equation as listed in Hydraulic Engineering (Roberson, Cassidy, & Chaudhry 1995) .
System rating curves for both the booster and well sides of the equalization tank are constructed by
solving the one-dimensional energy equation for total dynamic head (pump head). Bend, expansion,
contraction, and minor losses are computed by multiplying the velocity head by an appropriate energy-
loss coefficient taken from Hydraulic Engineering (Roberson, Cassidy, & Chaudhry 1995). Energy
losses through the Advent filtration system are assumed to equal 30 feet. Friction losses are computed
using the Hazen-Williams equation listed in Civil Engineering Reference Manual (Lindeburg 2001) and
an assumed "C" coefficient.
The system curves were then plotted over the pump curves provided by the manufacturers of the booster
and well pumps specified to determine the operating points of the two different hydraulic systems. The
operating point determines the maximum capacity system flow rate and total dynamic head that must be
provided by the pumps.
The energy equation was then resolved for line pressure at various points in both sides of the pumping
system.

CONCLUSIONS/RESULTS;
The layout of the pumping system is illustrated on Figure
Figure 1 are provided in Attachment I.

Descriptions of each of the lettered terms in

Computation of the system curve for the specified booster pump, a Goulds model 3656 pump with a
6.375-inch impeller operating at approximately 14 horsepower (hp), is provided in Attachment 2. Figure
2 illustrates the system and pump curves and shows that the maximum capacity system flow rate
downstream of the equalization tank is 335 gallons per minute (gpm) and that the total dynamic head
(TDH) required by the pump is 95 feet.
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A check of operating line pressure at various points in this part TO the pumping system, provided in
Attachment 2, shows that the maximum expected line pressure is 36.3 pounds per square inch (psi) which
is less than the maximum allowable pressure in the 4 inch HDPE pipeline: 80 psi.

Computation of the system curve for the specified well pump, a Grundfos model 300S200-5 pump
operating at 20 hp, is provided in Attachment 3. Figure 3 illustrates the system and pump curves and
shows that the maximum capacity system flow rate upstream of the equalization tank is 370 gallons per
minute (gpm) and that the total dynamic head (TDH) required by the pump is 133 feet. A check of
operating line pressure at the Advent filtration system, provided in Attachment 3, shows that the
maximum expected line pressure is 13 .2 psi which is less than the maximum allowable pressure in the
Advent filtration system: 50 psi.
A summary of the expected water, brake, and input horsepower for the two pumps along with an estimate
of overall system efficiency is provided in Attachment 4. An installation detail of the booster pump /
equalization tank assembly is provided in Figure 4. Note that the two gate valves upstream and
downstream of the equalization tank are used in conjunction with their respective flow meters to balance
the inflow and outflow rates into the tank at approximately 300 gpm.
Referring to Figure 1 and the location notes in Attachment 1, installation of combination air
vacuum/release valves are recommended in the following locations:

• B (immediately upstream of the Advent filtration system),
• D (at the first 90° horizontal bend transitioning flow along Riverview drive),
• G (start of the Pitzman Avenue bore),
• K (top of the levee wall), and
• Q (ground level at the intersection with the discharge manhole). Installation of a

combination air vacuum/release valve at this location is particularly important because the
system analysis in Attachment 2 shows the potential for sub-atmospheric pressure at this
location.

In addition, installation of a check valve in the 4 inch HDPE pipeline at groundwater extraction well
EW2 is recommended.

REFERENCES:
Lindeburg, M. R. 2001. Civil Engineering Reference Manual, 8th Edition. Belmont, CA: Professional
Publications, Inc.
Roberson, J. A., Cassidy, J. J., and Chaudhry, M. H. 1995. Hydraulic Engineering. New York, NY: John Wiley
& Sons, Inc.
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pasar una esfera <^e /i3$fs
de putgada de diameiro.

GOULDS PUMPS



Model 300S 300 GPM Performance Curves
FLOW RANGE: 200 -410 GPM OUTLET SIZE: 3"& 4" NPT* NOMINAL DIA. 6"

1 3003750-18 (75 HP)

-J300S7SO-17 (75 HP)-i- -fitL-_*^_.__ ----
~j 300S750-16 (75 HP) t~"
— — --~~ ~ " " "

OPERATING RANGE: 200 to 410 GPM
CAWVCITIES BELOW 200 GPM
SEE MODEL 230S

f̂444-^H-HlhH-N—1i 300S600-1 s (so HP)

.
j 3OS500~13

-1 3005500-1 1 (50 HP) l

300S400-1 0 (40 H P]

- 3005400-9 (40 H P ) -

J1300S300-8 (30 HP

300S150-4 (15 HP) U-

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 7.5 HP/3450 RPM
6" MOTOR STANDARD, 15-50 HP/3450 RPM.
8" MOTOR STANDARD, 60-75 HP/3525 RPM.
• 3' NPT 2-7 STAGES, 4" NPT 8-18 STAGES.

Performance conforms to ISO 2548 Annex B
6 ft. min. submergence

GRUNDFOS



Drawing file: 023-9606 GMCS Temporary Conveyance System - EO Tank and Booster Pump Detai l - REV 2.dv»g Jon 17. 2003 - 10:30am

It

INFLOW l><3 l>
fî ?1

_J ©—

©^

|>

Q-|
1;

1
O-

0

1
)"

1"

2

———— 64"-

1

3"

4
r

6"

3"

550
——— GALLON

EQ TANK

Yryi ivi i iLAJ LAI 1 I

! 1 OUTFLOW

NOTES
CHECK VALVES
GATE VALVES - USED TO ADJUST INFLOW/OUTFLOW RATES
FLOW METERS - USED TO GAUGE INFLOW/OUTFLOW RATES
GOULDS 3656 - 6.375" IMPELLER, 14 HP BOOSTER PUMP
FLOAT SWITCH - WHEN WSE RISES ABOVE THIS POINT, TURN THE WELL PUMP OFF
FLOAT SWITCH - WHEN WSE FALLS BELOW THIS POINT, TURN THE BOOSTER PUMP OFF
DRAIN VALVE
IDEAL OPERATING WATER SURFACE IN THE EQ TANK WITH INFLOW AND OUTFLOW RATES
BALANCED AT 300 GPM
AIR VENT

VtSON OCSCWPT10N

SAUGET AREA 2, SITE R, GMCS
SAUGET, ILLINOIS

EQUILIZATION TANK AND
BOOSTER PUMP DETAIL

IfGoltor'Associates
OrFICE_PROV/STATE

PROJECT No. PROJtCT_NO
SCALE SCALE | f
owe/no NO.
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Solatia / Extraction Well R / IL
System Details
Project #: 023-9606

By: TML

ATTACHMENT 1: SYSTEM LAYOUT
Information provided was assimilated to provide the following geometric measurements
that are used in conjunction with Figure 1 for the pump system.
Note: the chosen datum is the ground elevation at groundwater extraction well EW2 (0.0 ft).
Identified
Location

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R

Elevation
Relative
to Datum

(ft)
0.0
8.5
5.0
8.0 .
7.5
10.5
10.5
0.5
1 1 . 5
16 .0
19.0
16.0
13.0
-4.0
-5.0
0.0
2.0
-4.0

Distance
to next
Location
' ( f t )
900
10
1 15
475
390
100
38
38
1 1 5

5
23
10
70

260
5

300
6
—

Location
Notes

Groundwater extraction well EW2 (sudden contraction + 90° vertical bend)
Filter system (two 90° vertical bends + sudden expansion at eq. tank)
BoosterjDumpJsuction side - sudden contraction - draws from eq. tank)
First 90° horizontal bend on southern edge of Riverview drive
Gate on Riverview drive
Second 90° horizontal bend on southern edge of Riverview drive
Start of Pillsbury Ave. bore (90° horizontal bend)
Middle of Pillsbury Ave. bore
End of Pillsbury Ave. bore
Adjacent to levee wall
Top of levee wall (two 90° vertical bends between J and K)
East edge of levee road (two 90° vertical bends between K and L)
Start of 6" steel pipe (sliplined with 4" HOPE)
Underground 6" steel pipe at bottom of slope
End of underground 6" steel pipe (90° vertical bend)
Ground surface above end of underground 6" steel pipe (90° vertical bend)
Intersection with discharge manhole: start of drop pipe (90° vertical bend)
Intersection with discharge manhole: end of drop pipe (sudden expansion)

1/17/2003 10:12 AM
J:\02JOBS\023-9606\Pump_Design_TML_Rev2.xls

Colder Associates 023-9606
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SolvtlB f Extraction W*N R I H.
System Detail*
Project • 023-9608

By: TML

ATTACHMENT 2: SYSTEM CURVE FOR BOOSTER PUMP
The system curvt lor (he booster pump fa created by soMng the tnergy equation for the pump head added to the system at various flows
Assume:

1) Kinetic energy correction factor a > | 0 on both sides of the energy equation.
2) The water surface etwafon in lie equlbatloo tank ftas 7 feat above the datum
3) The d*Kim Is assumed to be ground turfac* at Ihe wel
4) The pipeline consists of 4 Inch dtenwter HOPE pipe with a HazervWffliams coefficient C * 155
5) The Mod toss coeflictenl of al 90* bends Is K» - 0 2.
61 The expansion tosi coefficient Is K. - 1.0.
7) The conradton toss coefficient Is K.a 0,5
8) The minor toss ooefffcfenl is K,« 0 2.

Pumping

Q

220

260
260
300
320
340
360
360
400

Q
tcfsj_

0.490

0.579
0624
0.666

07»8
0.602
0.647
0.691

Pip

0.33
0.33
0.33
0.33

0.33
0.33
033

«neVetodty
(fW)
56
6.6
7.1

-If-
97
10.2

vttod
Eq Tank

0.0
0.0
0.0

yHead
Outlet

0.0
0.0
0.0

Pressure Htad
Eq Tank

00
00
00
0 0

Outlet

00
o.o
0.0
00

Elevation
Eq. Tank

(ft)
5.0
5.0
3.0

OuBet
ft)
-4.0
-4.0
-40

Bend Losses
901 Bends

10

10
10

Coeff.

2

2
2
2

BtndLoss

11L
1.0

1 _ 1.4
1.6
1.8

3 2

Expansion LOSMI
Number of
Sudden

EipenatonsHI-
1.0
1.0. <o1.0
1.0
1.0
1.0
1.0

fxp. Loss
h.(to
0.5

0.7
0.8
0.8

.0

.2
.3
.5.a

Contraction Losses
Number of
Sudden

Contractions

Coeft

0.5
0,5
0.5
0 5
O S
0 5
0 5
05
05

Coot Loss

I
.2

J . ;
.:

.

Mnor Losses
Number of

Mnor
Losses

3
3

3

Coeff
K,

0.2

0.2
0.2
0.2
0.2
0 2
0.2
0.2
0.2

Minor Loss
h,
)

0
0
0

Frtctfon Lo*s*
Pipeline
Lengti

(ft)

1950
——— tMrt ——

1950
1950
1950
1950

1950

1950

HW Coeff
C

155
155
155
1S5
155

——— 155 ———
155

——— ,55 ———
155

Friction Loss

(R)
45.6

62.3
71.5
61.2
91 .5
1024
113.8
125.8
138.3

Calculated
Pump Head

11}
39

56
66
76
67
96
1 10
123
136

Overlaying Ihe system curve on Ihe pump curve (or Ihe selected booster pump (Goutds 3658 • 6 375* Impeller. 14 hp) In Figure 2
It can be seen ttiat Vie operating point for this system Is- 335 gpm
The HOPE pipeline can withstand • Ine pnmure of: 800 p*i
Check the Ine pressure »l selected locations along the pipeline to ensure that Ns limit is not exceeded.

ID

D
E
F
G
H

J
K
L
M
N
0
0
R

Pum
Hi

Q
(flpm)
338
335
335
335
335

335
335
335
335
335
335

335
335

*»gn
Q

(Cl«)
0746
0749
0746
0746
0746
074€
0748
0.746
0746
0.7«
0746

0746
0.746 •

Pipelne
Diameter

inj
0.33
0.33
0.33
0.33
0.33

0.33
0.33
0.33
0.33
0.33
0.33

0.33
0.33

Vetodly

IK'S)

6 6
6.6

vetoc*
at

Eq Tankm0
0o
0
0

—— 6 — I
0o
.0
0

00

0.0
0 0

Head
at Sal
Location
. ("11.1

1.1
1.1
1.1
1 . 1
1 .1
1 . 1
1.1
1 . 1
1 . 1
1 .1
1 .1
1 .1

Elevation
at

Eq Tank
{«)5.0
50
5.0
50
9.0
50
5
5
5
9
5
5
5.0

at Set.
Loca lion

(ft)
60
7.5
10.5
10.5
0.5

16.0
19.0
16.0
13.0
-4.0
•50

2 0
•4 0

Band Losses
Numbarof
90* Bend*

Coeff.
K.
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2

Band Loss
Nw0
0.:
0.!
0.
0.

0t.1
1 .11.
2
2.3

E»
Number of
Sudden

Expansions

0
0
0

•niton LfMeas
Coeff.

K.
i,C ,..1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.D
1.0
1.0
1.0

Exp Uti
h.m
0.0
0.0

-iS-
0.0

0,0HUH
0.0

Confraction Loses
Number of
Sudden

1

1
1

Coeff.
K,

'OS '
5
.S
.5
5

5

.

0 5
0.5

Coot Loss
he(ft)
00
O B
0 6
06
0.6

6
6
6
6
8

0.6
06

06
0.6

Minor Losses
Number of

Minor
Losses

3
3

Coeff.
K,

0.2
0.2
0.2
0.2
0.2

02
0.2
0.2
0.2
0.2
0.2

02
02

Mnor Loss
h,
ffl)
0.7
07
07
07
07

1.7
7
7

0.
0.
0.
0.

Friction LOSMS

length
(HI
1 15
590
960
1060
1 1 1 *

—— FlS6 —
1271
(276
1299
1309
137?
1639
(944
1950

HWCoaff
C

155
155

,_ 155
155
155I — im —
155
155
156
155
155
155 '

155
155

Friction Loss
h,
«
5.9
30.2
50.1
55.2— sTi —
05.0
65.2
66.4
MB
70.4
83.7

n.3
99.6

Suppied
Pump Head

"P
(ft)
93
95
95
95
95
95
95295
95
95

95
95

Pressure Head
al

Eq-Tar*
(ft)
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

at S
Loca(n

»t
ion

63.
60
36
31

Hra
2,
4
6: 9
7

-5
0.

Pressure
«Sel
Location

(PSl)
363
26.0
160
137
17.2
7 . 1
5.5
6.1
7 . 1
13 .0
7.5

-2.4
0.0

References:
Lindeburg, M. H. 2D01. CM &i(«naer*W fle«tr*nc«
Roberson. J A . GassWy. J. J . and Chaydhry, M.H. 1995

9th EtMion Befcnont.cA Prolwslonal PubBcationi, I«L
nginetfing Htjw Voih. Hf: John Wtey t. Sons. Int.
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Sohilla f Eilnctlon Wrt R / IU
Syiit m Detair*
Project » 033-9608

BT TML

ATTACHMENT 3: SYSTEM CURVE FOR WELL PUMP
The irttem curve tot th* wtl pump la created by solving Uit energy equation tor tie pump tx>d added to IM lyitem at v a/ tout Howl.
In addMon. H wfll b« neotMary to solve tor tie dranatoMn In IM wtl Ihe pump rirawt from

1) Ktoette energy eorreclon factor n « 1 .0 on bo* tide* of tte energy equation
2) The aqutler feeding tie we* fi uneonflned with a hydraulic conductivity of k - 0.1 crrvt
3) The welMi 6 inches In diameter (r, -0.2Steel).
4) The undisturbed grounrfwater laMa DM 30 (tat bttow tie ground *urf*cc el He well
5) The grounoVaief (aWe It untRthrbed ai t, • 1 775 tetl away from Ihe wen
5) The datum h aituned lo be ground Mirface al Iha waN
7) Tha mtar turlece etevatten m ha equMiatfon tar* KM 7 f«*t above IK« datum
S) rm pipeline eoriUlt of 4 inch dhvnetar HOPE pip* wtfh i Hazan-WWiami ctwfflclenl C * 155
9) Thel»ndlo4fcoalTKIanloril9(rband(UK,-03.

10> Tht Mparalon tou caaffidart HI K, • 10
1 1) Tb* oor*act>on tef j eotfflctenl it K, - 0.5.
12) The minor km coetflcttnt to K, • 02.
13} The head IMI cauMd bj Vw motrtt Irtawwm plant I* Hiumed to equal 30 FM(
Pumping

Q
200
240
260
280
300
320
340
360
360
4OO

a
0446
0535
0.579
0 624
0648
0.713orsa
0.002
0047
0091

Hvdrniic
k

<Cm/«
10
10
10
,10.to
10
10

0.10 '
0. 10
0.10

T&"«
3.»
32»

-03
43

3.W-03
3n
3.n3.n

•03~m
•O3•m

WM

3 3
40
4.3
4.7

— fj—
5.T
6.1
6 4

Pipeline
CMameler

0.33

033
033
6.33
033
0.33
033
033

VetocM*

(Itfi
5.i

Velocity Head
al

1")
0 0
00
00o.o
0.0
00
O.D
00
00

Bl
Eq Tank

00
0.0
00
0.0
0.0
00
00
0.0
0.0

Pressure Head
al

Wrt
o-

M
Eq Tank

-1 .5
•1 .5
- 1 .5
-1 .5
- 1 .5
- 1 .5
-1.5
• 1 .5

Elevation
at

Writ
(ft)

-33.3
-34.0
•34.3
-34.7

-35.7
-361
-38.4

at
Eq Tank

00
6 5
6 5
6.5
8.Sasas
asasa s

lanOLostei
Number of
90' Bend*

3
3
3
3

H-
3

X.
02

—— 51 —
0.2
Oi
0.1
02
0.3

—— 02 ——

Bend Loss
NHl-HH-
0.4Hf-HJ-
1.0

E
frtanbar*
tUpmtoM

1
1 ——————

K.

' 1.6
1.0
1.0
1.0
1.0— 11} —
1.0
1.0
1.0

fcxp Lo»t

0 4
0.6
0 7o.a
0.9
1.0
1 2
1 .3
1 6

Co r*C«oraos» i
Number of
Sudden

0.5
—— 05 ——

05
05
05

——— 05 ——
OS"
0.5

I"]
0.2
6.!

—— 03 ——
03
0.4
0.5

0.7
—— 07 ——o.a

, Minor Low*
Minor
Louet

——— 3 ———
——— 3 ———

3

*.

0.2
02
0.2
02
02

—— 02 ——
0.2
0.2

h,
(ft)
0.2
0.3
0 4
O S

—si-—— bT~
VD

FricDon Lnaei

910

10to
10
10
10
10
10

C

155

§1 ——
155

——— 155 ——r1*-
155

h,

HH-
Ml
33.4—— 571 —

S3 t
S>.7
MS

Mobile
FMerlm

30
30
30

30
30
3O

CatculaM
Pump Head

as
96
02
07
12
18
24
30

——— 136——

Overl*ying RN *y«tom ewrva on (ha puma eurv» tor tie Mlacied w*K pump (Grundfo* MooX 3OOS70&5: 20 h») In Flgur* 3
it can b« «a«n Ml ttt oparailng poiM lor Nt (jntem to; 370 gpm
The mobile Mar unit can wllhttand a In* areinn rt 500 pit
Check tM Kne prtiwra imrtwdMaly yptlraam «* tta moMt nNer ptant

Pumping
Rale

Q
(flpm)

370

a
Icfl)

0.824

HydrwHc
ConductwHr
k

Icmysl
0 1 0

k
3.2IE-03

Wen
[yawAwrr

h-S-
PIpeHna

Dlameier

(1)

VetocHf

rn/ij

VatocttvHaad
at

Wtl
(ft)

at Mobil*
Filar PUnt

(t)

™ "Wse "al
W*i
(t)

alMoHIa
FmarPhM

(tl)

Bend Losaei
Number of
BO1 Band*

1

Cotff.
K.

Bend Lo»»
^
(R)

->»»n
Sudden

EvNtttora

nniiSnLMM ~~er^am
K.

bo .̂ Lot*
h.on9a

ConMdlon Lo»ei
rJumberoT
Sudden

Conbacfcm
Coen

K,

0 5

Cont Lo»i
^
("10.7

UlnofLouet
Numbafof

Minor
Low»

0

Covfl
K,

02

hfkxvLOtt
^
1")
0.0

F rid ton Low**
Wpailne
Length

PI)
900

HWCoafT
C

15S

Fncfion Lot*
t>
(«l

55.3

SuppKed
Pump Head

*»
(0)
133

Pievtgra Head
al

Wal
(H)

athloMc
FMerPlanl

01)
305

Pressure
al Mobile
Finer Plant

[pit)
13.2

ff. M. R. 2001. CM E*0nMflr>g ftefowtca Mew*/, aift fOffon. Betmont. CA PraftHnnaJ PuMcMiont. inc.
Rotoaoon. J A . CawWy, J J . and Chaudhn/. M H. 1V9S HydnuBc Enytn^t^ny. rrtw Yort. NY: John Wvey & Som. Inc.
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Solutia / Extraction Well R / IL
System Details
Project #: 023-9606

By: TML
ATTACHMENT 4: BOOSTER & WELL PUMP EFFICIENCY
Check the water vs. brake vs. required input horsepower for the booster and well pumps.
Assume:

1) Pump efficiency = 75%.
2) Motor efficiency = 85%.

Selected
Pump
Booster
Well

Pumping
Rate(gpm)
335
370

Total Dynamic
Head
(ft)
95
133

Water
Horsepower

(hp)
8.1
12.4

Pump
Efficiency

(%)
75%
75%

Brake
Horsepower

(hp)
10.8
16.6

Motor
Efficiency

(%)85%
85%

Input
Horsepower

(hp)
12.7
19.5

Overall
Efficiency

(%)
64%
64%

References:
Lindeburg, M. R. 2001 . Civil Engineering Reference Manual, 8th Edition. Belmont, CA: Professional Publications, Inc.
Roberson, J. A., Cassidy, J. J., and Chaudhry, M.H. 1995. Hydraulic Engineering. New York, NY: John Wiley & Sons, Inc.
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